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(57) ABSTRACT

VACCIN AGAINST GROUP A BETA HEMOLYTIC
STREPTOCOCCUS AND RESPECTIVE PROCESS FOR

OBTAINING THEREOF, which predicts the production of

recombinant protein cloned from the gene emm3S, which con-
tamns a sequence ol oligonucleotides corresponding to 52
and/or 87 amino acid residues capable of protection, 1solated
alter the sequential molecular 1dentification of the epitopes
from the M protein carboxy-terminal region, differing 1in 01
amino acid residue, identified by antibodies and T lympho-
cytes of health human beings and of patients carriers of rheu-
matic fever, capable of generating a protective response by
antibodies depending on the'T lymphocytes; prevention of the
development of the autoimmune disease by the selected
epitope was evaluated 1n vitro with T lymphocytes from the
cardiac tissue of patients with lesions arising out of rheumatic
fever.

1 Claim, 1 Drawing Sheet
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VACCINE AGAINST GROUP A BETA
HEMOLYTIC STREPTOCOCCUS AND

RESPECTIVE PROCESS FOR OBTAINING
THEREOF

FIELD OF THE INVENTION

The Applicant already holds patent application PI
0501290-2, filed on Mar. 24, 2005, referring to a “VACCINE
AGAINST GROUP A BETA HEMOLYTIC STREPTO-
COCCUS AND RESPECTIVE PROCESS FOR OBTAIN-
ING THEREOF”. This patent refers to a new vaccine whose
purpose 1s the same, as well as a new process to obtain the new
vaccine.

BACKGROUND OF THE INVENTION

In the previous patent application PI 0501290-2, the state
of the art with respect to vaccines against streptococci of the
beta hemolytic group A type was duly described. This state of
the art will be described again here, since this invention refers
to the same subject.

As 1t 1s known 1n the art, rheumatic fever (RF) 1s a disease
caused by infection by the group A beta hemolytic strepto-
coccus, or S. pyogenes, adisease that 1s mamifested in children
between age 3 and 18, who present genetic susceptibility
factors and who were not treated. The illness 1s 1imitially mani-
fested 1n the clinical form of polyarthritis (pains in the large
articulations), followed by a climical condition that involves
two main manifestations: Sydenham’s chorea and rheumatic
carditis.

The chorea manifests 1 about 20-30% of patients with
rheumatic fever (RF); the atlected organ 1s the central nervous
system (CNS) and the manifestations are translated into
involuntary movements, psychiatric disorders, which disap-
pear with adequate treatment.

Rheumatic carditis manifests in about 30-45% of patients
with rheumatic fever (RF); 1t 1s characterized by an acute
heart inflammation, 1nitially in the myocardium, and produce
serious, progressive and permanent lesions 1n the valve tissue,
aiffecting mainly the mitral and aortic valves and triggering
chronic rheumatic heart disease (RHD). The treatment of
RHD 1n more advanced stages 1s surgical. Considering the
age range ol manifestation of the disease, children between
age of 7 and 12, they frequently have to be operated for
correction of valve lesions or to substitute the valves by
biological prostheses (Smitcowski, 1996).

In Brazil, 90% of child cardiac surgeries result from rheu-
matic valve lesions. The cardiac surgeries 1n adult rheumatic
individuals correspond to 30% of this total (Data from the
Ministry of Health, DATA-SUS).

Epidemiology:

Rheumatic fever (RF) and chronic rheumatic heart disease
(RHD) are still considered as a public health problem 1n
developing and underdeveloped countries. It 1s estimated that
there are more than 50 million cases of rheumatic fever (RF)
in the world, and, according to recent data from the World
Health Organization (WHO), there are records of 14 million
cases of chronic rheumatic heart disease (RHD) 1n the world.
The prevalence of RHD 1s higher than 10 children 1n each
1000 with RF 1n various countries, among them: Iran, Thai-
land, China, Bolivia, Pakistan, India, Australia, Argelia,
Egypt and Morocco. Brazil has an average of 6.5 children
with RHD per 1000 RF carriers. Moreover, more than 18
million cases of streptococci per year and more than 500000
deaths per year by streptococc: are recorded at the WHO

(2004).
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Pathogenesis of the Disease:

Rheumatic fever (RF) 1s considered an autoimmune dis-
case resulting from the defense immune response triggered
against the group A beta hemolytic streptococcus, or S. pyo-

> genes, and that, in some individuals (those with susceptibility
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to the illness), produces an aggressive response against the
organism’s own proteins through biological mimicry mecha-
nisms.

It 1s currently known that antibodies and the immune
response mediated by T-Cell lymphocytes are responsible for
the cross reactions against proteins of the human tissue (heart,
articulations, kidney, brain) (revised by Cunningham, 2000;
Guilherme et al, 1995). These cross-reactions occur due to the
similarity 1n the structure or residues of amino acids, espe-
cially with protein M of the streptococcus.

The M-protein sequences were analyzed and published 1n
the 1980s (Manjula e Philipis, 1984, and Miller et al, 1998),

and permitted great advance in the knowledge of the regions
capable of triggering the 1llness, through a number of scien-
tific works published by several groups.

The M-protein contains regions of repetitions of amino
acid residues, and 1s subdivided into an amino-terminal por-
tion and a carboxy-terminal portion. In the amino-terminal
portion are located the residues of amino acids that define the
streptococcus serotype. The carboxy-terminal portion 1s quite
conserved among the different serotypes and has groups of
amino acids groups that repeat themselves more than once
(Fischett1, 1991).

Several segments of the amino-terminal region are
described because they are involved 1n the triggering of the
disease (rheumatic fever and/or chronic rheumatic heart dis-
case), especially through cross-reaction with proteins of the
cardiac tissue (revised by Cunningham, 2000 and Guilherme
et al, 2005).

It1s interesting to note that until the 80s, 1t was believed that
cross-reactions between the streptococcus and the proteins of
the human tissue resulted only from an antibody-mediated
immune response. From the description of the presence of
inflammatory infiltrates i the cardiac tissue with predomi-
nance of CD4" T lymphocyte (Raizada et al, 1983, and
Kemeny et al, 1989), the Applicant demonstrated that the
heart lesions were mediated by these cells (CD4™ T lympho-
cytes). This evidence was defined by the detection of the
immune response of the cross reaction between proteins 150-
lated from fragments of human cardiac tissue (imyocardium
and valvular), by infiltrating T lymphocytes of the heart lesion
in patients that carried RHD, obtained through a surgical act,
to correct the valve lesions (Guilherme et al, 1995). Subse-
quently, the Applicant described the presence of great number
of mononuclear cells that produced particularly inflammatory
cytokines (interferon gama, IFNg; and tumor necrosis factor
alpha, TNFa) in the cardiac tissue (myocardium and muitral
and/or aortic valves) of patients suffering from rheumatic
heart disease. The relevant finding of this work was the obser-
vation of the presence of great number of cytokine producing
cells, which regulate the mnflammation (interleukines 10 and
4, I1L-10 and IL-4) 1in the myocardium and rare cells produc-
ing the IL-4 regulatory cytokine, in the valve tissue. This
finding showed why post-streptococcal myocarditis heals 1n
approximately 4 weeks and the lesions of the mitral and/or
aortic valves are slow, progressive and permanent (Guilherme
et al, 2004).

Considering that rheumatic fever 1s an autoimmune dis-
case, understanding the pathogenesis of rheumatic fever is
fundamental to 1ts prevention, because 1t leads to care being
taken to produce a vaccine against the cause agent, the group
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A beta hemolytic streptococcus (S. pyogenes), in the sense of
not triggering the autoimmune disease.

There already are several vaccines against group A beta
hemolytic streptococcus.

Prof. James B. Dale (University of Tennessee Research
Foundation) 1s carrying out research to produce a vaccine
based on the sequences of the amino-terminal residues of
protein M, which confer the streptococcus specificity. He has
several published works (Beachey et al, 1987; Dale et al,
1993; Dale et Chang, 1995; Dale et al, 1999, a, b and ¢); and
he has already analyzed the response capacity 1n 26 different
serotype animal models. There are several patents filed 1n his
behalf, among which U.S. Pat. No. 6,716,433, filed on Sep.
10, 1998 and granted on Apr. 6, 2004 (“GROUP A STREP-
TOCOCCAL VACCINES”).

Recently, the group published a “phase I” work, using
vaccine formulation containing 06 different serotypes in the
form of a recombinant protein containing N-terminal seg-
ments of the 06 serotypes. Cross-reaction control was con-
ducted on human tissue slices and only the humoral response
(antibody mediated) was evaluated (Kotloif, 2004 ). The mul-
tivalent vaccine produced to prevent streptococcal infection
against 26 serotypes of S. pyogenes, 1s undergoing phase 11
clinical tests (McNeil et al, 2003).

Prof. Vincent Fischetti (The Rocketeller University) 1s
conducting research for the production of a vaccine based on
the sequences of the carboxy-terminal residues of protein M,
which confer streptococcus specificity. By cloning the gene
that codifies protein M6 (portions N and C-terminal) the
group found that 56 different streptococci serotypes pre-
sented the homology of the amino acids sequence 1n the
carboxy-terminal region (Scott et al, 1985 ¢ 1986). Through
intranasal 1noculation of peptides of the carboxy-terminal
region ol protein M6 1n rabbits, Prof. Fischetti’s group
showed the possibility of altering the group A streptococcus
bacterial colonmization (Bessen et Fischetti, 1988, a and b).
Using wvaccines with synthetic peptides with shared
sequences covalently linked and conjugated with the sub-unit
of the CTB cholera toxin, they induced the formation of IgA
type antibodies specific for protein M with a protective activ-
ity 1n the serum and in the saliva of mice (Bessen et Fischetta,
1990, and Fluckiger et al, 1998).

In subsequent works, these authors used the vaccinia virus
as a vector, containing the total sequence of the C-terminal
portion of protein M6, to produce the recombinant vaccine—
VV: M6-, showing that a single intranasal dose was capable of
preventing the heterologous streptococci bacterial coloniza-
tion. Intradermal immunization was ineflective (Fischett: et
al, 1985). The high cost of conjugation and the intranasal use
of the vaccinia virus, in the models cited above limited the use
of these models as a safe, effectively and financially acces-
sible vaccine. Tests with commensal bacteria as vectors were
also used (Fischetti et al, 1993; Medaglini et al, 1995). The
use of this commensal vector as a vehicle of the vaccine 1s
under analysis. Preliminary results have suggested that the
vector was sale and well tolerated, when administered orally
or nasally, 1n 150 healthy voluntaries (Kotloff et al, 2005).

There are some patents filed in his name, among them, U.S.
Pat. No. 6,602,507, filed on Jan. 6, 19935 and granted on Jan.
53,2003 (“SYNTHETIC PEPTIDES FROM STREPTOCOC-
CAL M PROTEIN AND VACCINES PREPARED THERE-
FROM?™). The formulation of vaccine of the C-terminal por-
tion expresses how fusion protein on the surface of
Streptococcus gordoni, 1s currently undergoing clinical phase
I tests (WHO, 2006).

Prof. M. Good has been approaching the use of peptides
from the C-terminal portion as a possible vaccine model 1n
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Australia, where the incidence of streprotococcal infections
in the aborigine populations, and consequently of rheumatic
tever 1s high. Australian researchers 1dentified a peptide com-
posed by 09 amino acid residues of the C-terminal portion,
capable of producing opsonizing antibodies 1in immunized
mice. This antibody was also present 1n the serum of normal
individuals and patients with rheumatic disease (Pruksakorn
et al, 1994, and Brandt et al, 1997). Recently, the group has
been working with a combination of segments from the
amino-terminal portions of some serotypes prevailing in Aus-
tralia and the segment of the carboxy-terminal portion,
referred to as J14 (Dunn et al, 2002; Olive et al, 2002). The
group’ s most recent results show that segment J14 (29 amino
acid residues) favor the development of protective antibodies,
capable of 1nducing fagocytosis in an experimental model of
mouse, against various strains of .S. pyogenes from isolated
points from the endemic regions of Australia. The 1 vivo
challenge of these animals confirmed the protective capacity

of peptide J14 1n several formulations (Vohra et al, 2003;
Batzlotl et al, 2005; Olive et al, 2005).

SUMMARY AND OBIECTS OF THE
INVENTION

The object of this patent of Invention refers to a new vac-
cine against the group A beta hemolytic streptococcus, as well
as new process to obtain said new vaccine, the latter providing
two formulations, and the process providing for a modifica-

tion 1n relation to the procurement process contemplated by
Applicant 1n 1ts previous patent application PI 0501290-2.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete appreciation of the present invention and
many of the attendant advantages thereof will be readily
understood by reference of the following detailed description
when taken 1n conjunction with the accompanying drawings,
in which:

FI1G. 1 attached 1llustrates the sequence of residues selected
in a first model (first formulation) (SEQ ID NO:1).

FIG. 2 attached illustrates the sequence of the residues
selected 1 a second model (second formulation) (SEQ ID

NO:2).

DETAILED DESCRIPTION OF THE INVENTION

The object of this patent of Invention refers to anew “VAC-
CINE AGAINST THE GROUP A BETA HEMOLYTIC

STREPTOCOCCUS”, as well as new “PROCESS TO
OBTAIN” said new vaccine, the latter providing two formu-
lations, and the process providing for a modification 1n rela-
tion to the procurement process contemplated by Applicant in
its previous patent application PI 0501290-2.

In short, the sequence of epitope B was 1dentified by the
analysis o1 79 synthethic peptides differing in 01 amino acid
residue, per serums of 620 individuals (health human beings
and carriers of rheumatic fever). Epitope T, 1n turn, was 1den-
tified using mononuclear cells of the peripheral blood of 258
individuals (health human beings and carriers of rheumatic
tever), and tested against 38 synthetic peptides of M protein
carboxy-terminal portion, selected from the 79 peptides
tested for definition of epitope B (Guilherme et al, 2006;
Patent Application PI 0501290-2).

According to this patent, the construction of two vaccine
models was contemplated, 1n the form of synthetic peptides
and/or recombinant proteins, containing:




US 8,642,049 B2

S

1. The T and B epitopes of the carboxy-terminal region of
protein M composed by 156 pb (corresponding to 52 residues
of amino acids), which contemplates the following sequences
of amino acids: 22 residues corresponding to epitope T, fol-
lowed by 8 intermediary residues and 22 residues of epitope
B; and

2. Epitopes T and B of the carboxy-terminal region of protein
M composed by 261 pb (corresponding to 87 residues of
amino acids), which contemplates the following sequences of
amino acids: 22 residues corresponding to epitope T, fol-
lowed by 8 intermediary residues, 27 residues of a hybrid T-B
epitope and 22 epitope B residues.

In the first model, the vaccine as synthetic peptides and/or
recombinant proteins contains segments of 52 amino acid
residues from the carboxy-terminal region of protein M
(epitope T, 08 intermediary residues and epitope B).

FI1G. 1 attached 1llustrates the sequence of residues selected
in this model.

In the second model, the vaccine as synthetic peptides
and/or recombinant proteins contains segments of 87 amino
acid residues of the carboxy-terminal region of protein M
(epitope T, 08 intermediary residues, hybrid T-B, 08 interme-
diary residues and epitope B).

FIG. 2 attached 1illustrates the sequence of the residues
selected 1n this model.

These residues from amino acids of the carboxy-terminal
region of the M protein are capable of generating a response
mediated by antibodies and T CD4™ lymphocytes, protective
and that does not trigger an autoimmune disease.

These sequences differ from those previously used for the
preparation of vaccines, as exposed below:

James B. Dale uses the amino-terminal region of various
serotypes (U.S. Pat. No. 6,716,433).

Vincent A. Fischetti uses the carboxy-terminal region of
protein M6 (U.S. Pat. No. 6,602,507). Consists of 06 groups
of polypeptides. Group 04 presents 1ts identity with 19 amino
acid residues components ol the segment that contains
epitopes T and B (Guilherme et al, 2006) selected by Appli-
cant.

M. Good uses the carboxy-terminal region associated with
amino-terminal of strains prevailing 1n Australian Aborigi-
nes. He shows identity with 18 residues of amino acids com-
ponents of the segment that contains epitopes T and B (Guil-
herme et al, 2006) selected by Applicant, of which 14 residues
are common to the components of group 04 of protein M6,
identified by V. A. Fischetti.

Below are described the stages of the new process for
obtaining the now innovated vaccine:

Stage 1: Cloning of the regions of 52 and 87 amino acid
residues to produce recombinant proteins, from gene emm?;
Stage 2: Tests 1n laboratory animals, preferably mice;

Stage 3: Safety tests: tests 1n amimals, and continuity of 1n
vitro tests for prevention of autoimmunity (cell proliferation
tests and determination of cytokines) by the vaccine epitopes
using the lineage of T-Cell intralesion lymphocyte, from sur-
gical fragments of the cardiac tissue of cardiac rheumatic
disease carriers.

The vaccine innovated now 1s different from existing ones,
bringing advantages in relation to the models proposes, as
commented below:

The selection of protective epitopes was performed based
on published sequences of the changing M3 protein (Robin-
son etal, 1991), used for preparation of synthetic peptides for
evaluation of epitopes with pathogenic potential (N-terminal
region) (Guilherme et al 1995 and 2001) and epitopes from
the C-terminal region, able to protect against the disease,
evaluated by 1n vitro tests with a large number of samples
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(serums of 620 individuals and T-Cell lymphocytes from 2358
individuals) (Gulherme et al, 2006).

Scanning of the carboxy-terminal region (residues of 240
to 350) was performed using 79 synthetic peptides with 20
amino acid residues with difference of only 01 (one) amino
acid residue. This approach i1s unique and permitted molecu-
lar definition of the regions with protective capacity (Guil-
herme et al, 2006; Patent Application PI 0501290-2).

Cross-reaction tests were performed, analyzed from a col-
lection of lineages from 20 infiltrating lymphocytes of the
cardiac tissue of patients with RHD, obtained during the
surgical procedure performed to correct valve lesions, and

expanded 1n vitro, as previously described (Guilherme et al,
1995).

The production of recombinant protein 1s based on strain
M3, since the studies conducted with synthetic peptides were

based on a published sequence of this protein (Robinson et al,
1991).
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SEQUENCE LISTING

US 8,642,049 B2

<160> NUMBER OF SEQ ID NOS: 2
<210> SEQ ID NO 1
<211> LENGTH: 52
<212> TYPE: PRT
<213> ORGANISM: ARTIFICIAL SEQUENCE
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHETIC
<400> SEQUENCE: 1
Lys Gly Leu Arg Arg Asp Leu Asp Ala Ser Glu Arg Ala Lys Lys Gln
1 5 10 15
Leu Glu Ala Glu Gln Gln Lys Leu Glu Glu Gln Asn Lys Ile Ser Glu
20 25 30
Ala Ser Arg Lys Gly Leu Arg Arg Asp Leu Asp Ala Ser Arg Glu Ala
35 40 45
Lys Lys Gln Val
50
<210> SEQ ID NO 2
<211> LENGTH: 87
<212> TYPE: PRT
<213> ORGANISM: ARTIFICIAL SEQUENCE
<220> FEATURE:
<223> OTHER INFORMATION: SYNTHETIC
<400> SEQUENCE: 2
Lys Gly Leu Arg Arg Asp Leu Asp Ala Ser Glu Arg Ala Lys Lys Gln
1 5 10 15
Leu Glu Ala Glu His Gln Lys Leu Glu Glu Gln Asn Lys Ile Ser Glu
20 25 30
Ala Ser Arg Lys Gly Leu Arg Arg Asp Leu Asp Ala Ser Glu Arg Ala
35 40 45
Lys Lys Gln Leu Glu Ala Glu Gln Gln Lys Leu Glu Glu Gln Asn Lys
50 55 60
Ile Ser Glu Ala Ser Arg Lys Gly Leu Arg Arg Asp Leu Asp Ala Ser
65 70 75 80
Arg Glu Ala Lys Lys Gln Val
85

10

The mvention claimed 1s: tained within the polypeptide are the'T and B epitopes, and (11)

the polypeptide has an amino acid sequence comprising the

1. An immunogenic composition against group A beta _ e
amino acid sequence set forth in SEQ ID NO:1.

hemolytic streptococcus comprising an 1solated polypeptide, 50
wherein (1) the only epitopes of S. pyogenes M protein con- 0k k% ok
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